In a previous study, we estimated the direct medical costs of management of thoracolumbar fractures (van der Roer et al. 2004 , submitted). The average cost for patients with unstable fractures without neurological deficits treated conservatively amounted to k 12.5 per patient, compared with k 19.7 for patients treated operatively. Because there is still uncertainty regarding the optimal management of unstable traumatic thoracolumbar fractures, we conducted a systematic review. The objective was to identify and summarize all published studies reporting on the comparison of the effects of operative and conservative treatment to determine whether one treatment is more effective than the other.
Materials and methods

Literature search
PubMed was searched using the keywords: lumbar vertebrae, thoracic vertebrae, thoracolumbar vertebrae, lumbar spine, thoracic spine, thoracolumbar spine, fracture(s), injuries, injury, trauma, recumbency, bed rest, fixation, decompression, surgical technique(s), treatment, therapy and management. The search was limited to studies on humans, published in English or German and in the period from January 1992 up to January 2003. References of retrieved articles and of relevant overview articles were checked to identify additional studies.
Study selection
Two reviewers independently checked eligible articles on title, keywords and abstract. A consensus meeting was used to discuss disagreements. Reports on studies were included if they met the following inclusion criteria: (1) traumatic lumbar, thoracic or thoracolumbar fractures, (2) unstable fractures without neurological deficits, (3) a comparison was made between conservative en operative treatment, (4) at least ten patients were included in the study. Articles were excluded if the used classification system for vertebral fractures or the operation material were obsolete and if fractures were due to osteoporosis. Consequently, articles describing the classification according to Holdsworth or operative techniques not using short segment pedicle fixation were excluded.
Methodological quality and data extraction
The methodological quality of the included studies was very low. Therefore, a formal assessment of the methodological quality in order to weigh the results of the studies was not conducted.
Data concerning study population, classification of fractures, intervention, indication for treatment and results of the included studies were summarised. The studies were heterogeneous with respect to population, interventions and outcomes. Therefore, data were not statistically pooled but the most important results are described in detail.
Results
Study selection
More than 2,700 references were identified in the literature search. About 2,500 were excluded based on abstract, title and keywords. Hard copies of 203 articles were screened, resulting in 41 articles meeting the inclusion criteria. Applying the exclusion criteria mentioned above left 17 eligible studies for further analysis. These studies are summarised in Table 1 .
Description of study characteristics
We did not identify any randomised controlled trials. Seventeen observational studies were identified: four prospective studies [7, 9, 12, 18] and 13 retrospective studies. In most studies the treatment groups were not comparable because the indication for operative and conservative treatment differed. Six studies did not mention the indication for treatment [1, 5, 7, 13, 15, 17] . In seven studies, surgery was indicated when radiological assessment showed (a change of) mechanical instability and/or neurological deficits, and conservative treatment when these signs were not present [3, 4, 6, 9, 12, 14, 16] . Surgical intervention was at the discretion of the treating surgeon in two studies, making comparability uncertain [11, 20] . In one study different periods in time were compared [8] .
A variety of surgical techniques was used; for example, posterior short segment pedicle fixation with internal fixator, Kaneda fixation, anterior decompression and fusion. Conservative treatment consisted of bed rest, body cast/orthosis, functional rehabilitation or a combination of these. Bed rest varied from 1 week to 2 months and different types of orthoses were used (see Table 1 ). Except for two studies [7, 14] , the sample sizes were generally small, ranging from 18 to 100 patients.
Outcome measures used in the studies varied widely; some studies included radiological outcomes (Beck-index, Cobb-angle) others clinical outcomes (pain, return to work, patient satisfaction with treatment outcome). Heterogeneity also existed in differences in follow-up time, varying from 0 to 12 years. This heterogeneity Operative treatment: 13 patients had posterior fixation, three patients anterior fixation. Non-operative: eight patients were treated non-operatively; treatment not described.Surgical intervention was at the discretion of the treating surgeon based on the degree of kyphosis and canal compromise.
Follow-up of 2 years. There was no significant difference in the functional outcome between both treatment groups. Mean follow-up was 29±3 months. Radiological outcomes were significantly better for the Malaga fixator. No significant differences were found in neurological improvement or hospital stay.
Seybold et al. [17] (retrospective study)
Forty-two patients treated at three medical centers from 1980 to 1996 for burst fractures of L3, L4, L5. Inclusion: damage to at least one vertebral endplate, loss of both anterior and posterior vertebral height with retropulsion of bone into the canal documented by CT-scanning. Fracture had to be non-pathological. Twenty patients received nonoperative treatment, 22 underwent surgery. Classification: Denis classification.
Conservative: bed rest (1-7 days) ambulation in orthosis. Operative: short transpedicle instrumentation, anterior decompression and fusion, combined procedure, hook and rod instrumentation. Indication for treatment: no reported.
Mean follow-up in the nonoperative group was 45.5 months and in the operative group 51 months. Radiographical evaluation: no significant difference between groups. Return to work and functional outcome were comparable Shen et al. [18] (prospective study)
Eighty patients met the inclusion criteria: neurologically intact patients, single level closed burst fracture involving T11-L2, no fracture dislocations or pedicle fractures, age 18-65 years (nonpathologic adult) and no other major organ system or muskuloskeletal injuries. Forty-seven patient were treated non-operatively and 33 were treated operatively. Classification of fractures: not reported.
Operative: three-level fixation using VSP or TSRH instrumentation Conservative: activity to point of pain tolerance using a hyperextension brace. Initially patients were assigned randomly to treatment groups. Because of local belief; patients who refused surgery were placed in the non-surgical group.
Follow-up of 2 years. Operative treatment provides partial kyphosis correction and earlier pain relief, but functional outcome at 2 years is similar.
Yazici et al. [20] (retrospective study)
Eighteen patients treated with thoracolumbar burst fractures in the Department of Orthopedics and Traumatology between May 1993 and May 1994. Seven patients were treated operatively (two were paraplegic), 11 were treated non-operatively (none of the patients had neurological deficits). Classification of fractures: not reported.
Conservative: 3 weeks of bed rest, followed by mobilization in orthosis (6 months). Operative: posterior instrumentation and fusion. Assignment of the patients to groups was based on the surgeon's preference.
The follow-up ranged from 18 to 29 months for the operative treatment group and 18-24 months for the non-operative group. The study focused primarily on the effects on canal remodelling. There was no statistical difference between postoperative values of operative group and postinjury values of non-operative group. Resorption of retropulsed fragments was less favourable in non-operative group.
makes it difficult to compare the results of the various studies (see Table 1 ).
Effectiveness of operative versus conservative treatment
Eight studies reported no differences between the operative and conservative group [1, 4, 6, 11, 13, 15, 17, 18] . In six studies, radiographical and/or clinical outcome were found to be more favourable in the operative group [3, 5, 8, 12, 16, 20] . Gertzbein [7] and Hitchon et al. [9] concluded that the effectiveness of operative and conservative treatment was difficult to compare, because the treatment groups in their studies were not comparable. Rechtine et al. [14] only looked at short term follow-up and reported a significantly longer hospital stay in the conservative group, but significantly less wound infections.
The results of this systematic review indicate that the current literature does not clearly show that operative or conservative treatment is the most effective for patients with unstable traumatic fractures. The methodological quality of studies was low, and characteristics between studies were heterogeneous with respect to study population, interventions and outcome measures.
Discussion
This systematic review shows that there is no scientifically sound evidence from high quality randomised trials on the effectiveness of operative and conservative treatment of unstable traumatic thoracolumbar fractures. Studies that were identified were all observational studies with relatively small sample sizes and only a few had used a prospective study design. The majority of the studies had a retrospective design and merely described a series of patients who had received either operative or conservative treatment. Indications for treatment might have differed, but were not explicitly described in most studies. Therefore confounding by indication seems very likely.
Also, sample sizes were small and studies consequently might have lacked the power to detect clinically relevant difference in effect. Formal sample size calculations were not reported. Outcome measures varied among studies. Although some studies included clinical outcome measures such as pain and functioning, many studies focused on radiological outcomes only. In our opinion, at least clinical outcome measures should be included in an evaluation of success of treatment of thoracolumbar fractures. One could argue that radiological changes are only relevant if they are strongly associated with changes in clinical outcomes, which is not necessarily true.
The assessment of instability in fractures is still not straightforward; the definition of instability by White and Panjabi [19] is abstract, and in clinical practice different classification systems are applied. Of the 17 studies in our review, eight studies used the Denis classification system, four used the AO-classification by Magerl and five studies did not report the applied classification system. The Denis classification, defining four categories of fractures, is a relatively simple classification, but it has some weaknesses. It is incomplete and incomprehensive, it does not cover all the traumatic lesions of the thoracolumbar spine and the principle of the middle column has no anatomical basis. The AO classification includes three types of fractures with 55 different subtypes allowing to identify the variety of the lesion. However, Blauth et al. [2] reported a kappa value of the inter-observer reliability for the AO classification of 0.33 (0.30-0.35). The use of different classification systems and the lack of evidence on the reliability of these systems further hinder the comparability of these studies.
Because of the rapid developments in surgical techniques over the last two decades we excluded studies before 1992. Even then a comparison of study results from different years is hardly possible. There is an enormous variety of operation techniques, such as laminectomy, anterior and posterior approaches with varying instrumentation, and, more recently, the thoracoscopic spine surgery. Not only have the techniques changed but also the material of the instrumentation has been modernised, and indications for different techniques have been altered. In order to draw conclusions from different studies, a thorough description of the interventions is necessary. However, this was lacking in most studies.
Conclusions
Due to differences between studies, as mentioned above, the results from different studies are not directly comparable and it remains unclear if operative or conservative treatment is more effective. There definitely is a need for randomised controlled trials with sufficient sample size to detect clinically relevant differences and with sufficient methodological quality to avoid potential selection, performance, exclusion and detection bias. Obviously, it is impossible to blind patients and care providers for treatment; it is therefore of utmost importance to establish adequate concealment of treatment allocation. Also relevant patient-centred outcomes should be measured, such as pain, functional status, return to work and quality of life. Adverse events, compliance to treatment, (especially conservative treatment) co-interventions and drop-out rate should be adequately reported.
Long-term follow-up and intention-to-treat analysis are strongly recommended. Conducting an economic evaluation [10] alongside such a trial would be essential to adequately inform policy makers about the most efficient treatment for unstable traumatic thorocalumbar fractures.
